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COMMUNICATION SYSTEM USING ARQ 



Technical Field 

The present invention relates to a communication system and further 
relates to primary and secondary stations for use in such a system and to a 
method of operating such a system. While the present specification describes 
a system with particular reference to the Universal Mobile Telecommunication 
System (UMTS), It is to be understood that such techniques are equally 
applicable to use in other communication systems. 
Background Art 

There is a growing demand in the mobile communication area for a 
system having the ability to download large blocks of data to a Mobile Station 
(MS) on demand at a reasonable rate. Such data could for example be web 
pages from the Internet, possibly including video clips or similar. Typically a 
particular MS will only require such data intermittently, so fixed bandwidth 
dedicated links are not appropriate. To meet this requirement in UMTS, a 
High-Speed Downlink Packet Access (HSDPA) scheme is being developed 
which may facilitate transfer of packet data to a mobile station at up to at least 
4Mbps. 

A conventional component of a packet data transmission system is an 
ARQ (Automatic Repeat reQuest) process, for handling data packets received 
in en-or. For example, consider downlink packet transmission from a Base 
Station (BS) to a Mobile Station (MS) in HSDPA. When the MS receives a data 
packet it determines whether the packet has been cornjpted, for example 
using Cyclic Redundancy Check (CRC) information. It then transmits a signal 
in a field allocated for this purpose to the BS, with a first signal used as an 
acknowledgement (ACK), to indicate that the packet was successfully 
received, and a second signal used as a negative acknowledgement (NACK), 
to indicate that the packet was received but cornjpted. The signals may for 
example be different codewords or the same codeword transmitted at different 
powers. 
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In the presently-defined scheme for HSDPA a number of channels are 
defined, each handling different types of infomiatlon: only those relevant to the 
present invention will be discussed here. Data paclcets are transmitted from 
the BS to the MS on a (high speed) downlink data channel, and in the reverse 

5 direction on an uplink data channel. Two uplink control channels are defined 
for signalling by the mobile. Transmission of ACK/NACK messages is 
performed on a first uplink control channel (a High Speed Dedicated Physical 
Control CHannel, HS-DPCCH), while transmission of pilot infomiation, to 
enable the BS to obtain a channel estimate of the uplink channel, is perfomned 

10 on a second uplink control channel (a DPCCH). The power level of the second 
control channel is set by the BS using closed loop power control. The power 
level of the uplink data channel is determined from the power of the second 
control channel. The ratio of these two power levels is determined by a gain 
factor which may be signalled to the MS or detemnined independently by the 

15 MS. 

The consequences of enors in ACK and NACK messages are 
significantly different. Nomially the BS would re-transmit a packet if a NACK 
were received. If the BS receives a IMACK when an ACK is sent, then the 
packet is re-transmitted anyway. This only wastes a little system resource. If a 

20 NACK is sent, but received as an ACK, then no re-transmission is sent. 
Without special physical layer mechanisms, this situation can only be 
recovered from by using higher layer processes, which add delay and 
represent a significant waste of system resources. Thus the cost of an en-or in 
a NACK is much more serious than the cost of an error in a ACK. and 

25 consequently the performance requirements in 3GPP have been set at 10"^ for 
ACK errors and 10"* for NACK errors. Achieving these enror rates require good 
channel estimates. In particular, the channel phase is needed to determine 
correctly the phase of data symbols when phase modulation is used (for 
example BPSK or QPSK). For a modulation scheme where amplitude is also 

30 significant, such as m-QAM (where m may for example be 16), the channel 
amplitude would also be needed. 



wo 03/085878 



PCT/IB03/00962 



3 

Disclosure of Invention 

An object of tine present invention is to address ttie need for good 

channel estimates. 

According to a first aspect of the present invention there is provided a 
communication system having a downlinic data channel for the transmission of 
data packets from a primary station to a secondary station, a first uplink control 
channel for the transmission of information relating to reception of data 
packets from the secondary station to the primary station, and a second uplink 
control channel for the transmission of pilot information, the secondary station 
having receiving means for receiving a data packet and acknowledgement 
means for transmitting a status signal on the first control channel to the 
primary station to indicate the status of a received data packet, wherein the 
secondary station comprises power control means for temporarily increasing 
the transmission power of at least the part of the second control channel 
Including pilot infomiation for a predetemnined period during which the status 
signal is transmitted. 

The temporary increase in the transmission power of pilot signals can 
improve channel estimation and hence accuracy of detection of ACK/NACK 
messages without significantly increasing overall interference levels. The 
power increase at the start of the period of temporarily Increased power may 
differ from the decrease at the end of the period, for example as a result of the 
actions of inner-loop power control. 

According to a second aspect of the present invention there is provided 
a primary station for use in a communication system having a downlink data 
channel for the transmission of data packets from the primary station to a 
secondary station, a. first uplink control channel for the transmission of 
infonnation relating to reception of data packets from the secondary station to 
the primary station, and a second uplink control channel for the transmission of 
pilot infomiation, wherein means are provided for receiving a status signal on 
the first control channel Indicating the status of a data packet transmitted to the 
secondary station, closed loop power control means are provided for 
controlling the power of the uplink control channel, and means are provided for 
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adjusting the operation of the power control means for a predetermined period 
around a time when transmission of a status signal by the secondary station Is 
expected to tal<e into account a temporary increase of the transmission power 
of at least the part of the second control channel including pilot infomnation. 

According to a third aspect of the present invention there is provided a 
secondary station for use in a communication system having a downlink data 
channel for the transmission of data packets from a primary station to a 
secondary station, a first uplink control channel for the transmission of 
information relating to reception of data packets from the secondary station to 
the primary station, and a second uplink control channel for the transmission of 
pilot infonnation, wherein receiving means are provided for receiving a data 
packet from the primary station and acknowledgement means are provided for 
transmitting a status signal on the first control channel to the primary station to 
indicate the status of a received data packet, wherein power control means are 
provided for temporarily increasing the transmission power of at least the part 
of the second control channel including pilot infonnation for a predetemiined 
period during which the status signal is transmitted. 

According to a fourth aspect of the present invention there is provided a 
method of operating a communication system having a downlink data channel 
for the transmission of data packets from a primary station to a secondary 
station, a first uplink control channel for the transmission of infomnation relating 
to reception of data packets from the secondary station to the primary station, 
and a second uplink control channel for the transmission of pilot infomnation, 
the method comprising the secondary station receiving a data packet and 
transmitting a status signal on the first control channel to the primary station to 
indicate the status of a received data packet, wherein the secondary station 
temporarily increases the transmission power of at least the part of the second 
control channel including pilot informatfon for a predetemnined period during 
which the status signal is transmitted. 
) Brief Description of Drawings 

Embodiments of the present invention will now be described, by way of 
example, with referBnce to the accompanying drawings, wherein: 
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Figure 1 is a Uock sctiematic diagram of a radio communication 
system; 

Figure 2 is a diagram illustrating operation of a ioiown stop-and-wait 
ARQ scheme; 

Figure 3 is a diagram iiiustrating operation of a known n-channel ARQ 
sciieme; and 

Figure 4 is a flow cliart sliowing a method of operating a packet data 
transmission system in accordance with the present invention. 

In the drawings the same reference numerals have been used to 
indicate corresponding features. 
Modes for Carrvina Out the Invention 

Refemng to Figure 1, a radio communication system comprises a 
primary station (BS) 100 and a plurality of secondary stations (MS) 110. The 
BS 100 comprises a microcontroller (pC) 102, transceiver means (Tx/Rx) 104 
connected to antenna means 106, power control means (PC) 107 for altering 
the transmitted power level, and connection means 108 for connection to the 
PSTN or other suitable network. Each MS 110 comprises a microcontroller 
(pC) 112, transceiver means (Tx/Rx) 114 connected to antenna means 116, 
and power control means (PC) 118 for altering the transmitted power level. 
Communication from BS 100 to MS 110 takes place on a downlink channel 
122, while communication from MS 110 to BS 100 takes place on an uplink 
channel 124. 

An example of the operation of a known stop-and-wait ARQ scheme is 
illustrated in Figure 2. Data packets 202, identified as P^ where n is a one-bit 
sequence number, are transmitted in allocated time slots on a downlink data 
channel (DL) 122 from a BS 100 to a MS 110. The first data packet Po. with 
sequence number 0, Is received in a corrupted state by the MS 110, which 
therefore transmits a negative acknowledgement (N) 204 on a first uplink 
control channel in a field reserved for transmission of positive and negative 
acknowledgements. In response to this the BS 100 retransmits the first data 
packet 202, which this time is received oonrectly by the MS 100 which 
transmits an acknowledgement (A) 206. The BS 100 then transmits the next 
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packet, with sequence number 1. The BS 100 also retransmits a data packet 
202 if it receives no acknowledgement within a predetemiined time-out period 
(In case the MS 110 did not receive the packet at all or the acknowledgement 
was lost). If the MS 110 did in fact receive the previously transmitted packet 

5 202 it can determine that the received packet 202 is a retransmission as it has 
the same sequence number as the previous packet. 

Improved throughput can be obtained by use of multi-channel ARQ 
schemes. An example of a 4-channel ARQ scheme operating in known 
manner is illustrated in Figure 3. Data packets 202, identified as P„ where n is 

10 a sequence number, are transmitted in sequence on a downlink channel (DL) 
122 from a BS 100 to a MS 110. Each packet 202 is assigned to a logical 
channel (CH) in turn, starting with the first packet. Hence, packet Pi is 
assigned to channel 1, packet Pa to channel 2 and so on. ARQ is perfomned 
separately for each channel. 

15 In the Illustrated scenario, the first data packet Pi is sent via the first 

logical channel and is received conBcOy by the MS 110, which transmits an 
acknowledgement (Ai) 206 on an uplink channel 124. Hence, when channel 1 
is next scheduled for transmission, the next packet awaiting transmission, P5 is 
selected and transmitted to the MS 110. Similarly, the second data packet P2 

20 is sent via the second logical channel. However, this packet is not received 
conrectly by the MS 110, which issues a negative acknowledgement (N2) 204. 
Hence, when channel 2 is next scheduled for transmission, packet P2 is 
transmitted again. This time it is correctly received, and an acknowledgement 
206 is issued on the uplink channel 124, thereby freeing channel 2 to transmit 

25 further packets 202. 

As discussed above, in order for the BS 100 to achieve the required 
accuracy levels in decoding ACK/NACK messages, a good channel estimate is 
required. The channel estimate is performed, in known manner, from reception 
of pilot infonnation transmitted on a second uplink control diannel. The power 

30 level of the second uplink control channel is normally set to provide the correct 
power level for the uplink data channel according to the relative gain factor 
between the two channels. However, in this case the power level set for the 
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second uplink control channel may not be high enough to enable sufficiently 
good channel estimation for reliable detection of ACK/NACK messages at the 
same time. 

In a system made in accordance with the present invention, this 

5 problem is addressed by temporarily increasing the power of the second uplink 
control channel (or at least the portksn of the channel including the pilot 
infonnation) when an ACK/NACK message is to be transmitted. Following 
transmission of the message the power level is reduced by the same amount. 
The operation of such a system will be explained with reference to the 

10 flow chart shown in Figure 4. The method starts, at step 402, with the l\/IS 1 10 
detecting a downlink data packet 202. In response to this detection the MS 
110 increases, as step 404, the transmission power of the second control 
channel by a predetermined amount. The MS 110 then determines whether or 
not the data packet was received correctly, and transmits an ACK 206 or a 

15 NACK 204 as appropriate, as step 406. Finally, at step 408, the MS 110 
reduces the transmission power of the second control channel by a 
predetermined amount, which is not necessarily identical to the amount by 
which the power was Increased in step 404. An example of a situation where 
different amounts may be required is in a system where the start and end of 

20 the period of temporarily increased power occur at the same time as (and are 
therefore combined with) regular inner-loop power control steps. The power 
control steps could well be in opposite directions at the start and end of the 
period, leading to the amounts of the increase and decrease in power being 
different. 

25 In a HSDPA embodiment, the presence of a packet destined for a MS 

110 is signalled by a packet indicator message on a packet indicator channel 
and/or a control channel distinct from the packet transmission channel. In such 
an embodiment, the trigger for increasing the transmission power of the 
second control channel could require the con-ect decoding of an associated 

30 downlink control channel (Including a CRC), in addition to the detection of a 
packet indicator. This should help to avoid spurious triggering of the timer by 
false detection of a packet indicator. 
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Once a packet indicator message has been detected, tlie power 
increase could be applied at the start of the slot in the second uplinl^ control 
channel immediately before the scheduled time for transmission of an 
ACK/NACK message on the first uplink control channel. The power increase 
could then be removed at the end of the slot following the transmission of the 
ACK/NACK message (or optionally later). This an^ngement permits the 
possibility of transmitting more than one set of pilot symbols at the higher 
power level, which should assist the BS 100 in tracking channel changes. 
However, ideally the period of increased transmission power should always 
include at least one pilot field (comprising a complete set of pilot symbols or 
bits). It should be noted that there is no requirement for the first and second 
uplink control channels to have their slots aligned (or even of equal duration). 
Simiiariy there is no need for power changes to be applied at slot boundaries, 
although this is particularly convenient for HSDPA. 

The power increase could be defined as a power offset (which would 
therefore have to be positive) with respect to the nonnal power level of the 
second uplink control channel. In this case normal power control operation of 
this channel would apply after the offset had been applied or removed, since 
the BS 100 would be aware of the mles used by the MS 110 to apply the 
power offset and could modify power control operation accordingly (if needed). 
However, a difficulty with this is that the BS 100 would not necessarily have 
complete knowledge of whether the mobile was using an offset (since this 
depends on detection of a data packet). 

A range of variations on the basic scheme described above is possible. 

For example: 

• The power offeet could be fixed for ail mobiles, or signalled to the mobile. If 
signalled, the signalling could be via a nonmal signalling channel or, in the 
case of HSDPA, via the HS-SCCH (High Speed Shared Control CHannel), 
which would allow faster updating of the power offset in response to 
changing channel conditions. 

• Different power offsets could be applied for ACK 206 and NACK 204 
messages. However, there would be an additional delay before the packet 
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Status was known. The choice of power offsets would represent a balance 
between performance and Interference. 

• If the power ofTset Is signalled the value could be detemilned according to 
a predetenmined detection threshold at the BS 100. 

5 • It could be desirable to update the power offset and other parameters (e.g. 
number of repetitions of ACK/NACK) at the same time. In order to maintain 
substantially constant reliability of ACK/NACK messages. 

• The power offset could be changed during the period of increased power 
(e.g. starting with an initial value and changing when the packet status was 

10 known). 

• The duration of the power offset could also be set by a timer, starting from 
the point at which a data packet is detected or received. Such a timer 
would typically be implemented as a counter counting in predetermined 
units, for example milliseconds, frames, time slots, messages or other 

IS suitable units. 

• Any power offset applied In accordance with the present Invention could be 
applied in addition to power offsets detemiined by other mechanisms, such 
as power changes signalled to the MS 110 or changes made for other 
purposes than those discussed here. 

20 As a more detailed example for UMTS HSDPA, the reliability of 

ACK/NACK can be improved by repetition of the ACK/NACK message. 
However, it may not be pemnitted to send more data packets during the 
repetition period, which would limit the achievable bit rate. Therefore, if the 
required bit rate increases It could be necessary to reduce the number of 

25 repetitions of ACK/NACK. To maintain substantially the same overall reliability 
of ACK/NACK, a power offeet could be applied at the same time, either to 
increase the DPCCH power, or to the power of the HS-DPCCH (which carries 
ACK/NACK) relative to the DPCCH. If this signalling is carried on the HS- 
SCCH, then it Is desirable to minimise the total number of bits used. If two bits 

30 were allocated then four different combinations could be signalled, as In the 
following table: 
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10 



15 



20 



Signalled Bit Pattern 


Power Offset 


Number of Kepeiitions 


00 


No change 


No change 


01 


Decrease by 3dB 


Increase by 1 


10 


Increase by 3dB 


Decrease by 1 


11 


Increase by 6dB 


Decrease by 2 



values sent using higher layer signalling, or to the cun^ent values The power 
offset values mentioned here could apply to DPCCH or HS-DPCCH, 
depending on the embodiment. Some restrictions might be placed on 
maximum and minimum values, particularly where the changes are relative to 
current values. The minimum number of ACK/NACK transmissions would 
obviously be limited to 1. In the case of only one bit available for signalling 
only two combinations could be used, for example as shown below: 



Signalled Bit 


Power Offset 


Number of Repetitions 


0 


Decrease by 3dB 


Increase by 1 


1 


Increase by 3dB 


Decrease by 1 



number of slots, then modified power control operation could be considered. 
This could be applied over a similar time period to that for which any power 
offset is applied. As a specific example, in UMTS soft handover (where a MS 
110 is in communication with two or more base stations 100, these being 
known as the active set) the power control action taken by the MS 110 is 
derived by considering power control commands sent from all the base 
stations in the active set. In a system made in accordance with the present 
invention this could be modified so that the MS 110 only or preferentially 
considers power control commands sent from the BS 100 which is also 
sending data packets for the duration of the modified power control operation. 

As discussed above, the power level of the uplink data channel is 
determined from the power level of the second control channel, which is set by 
the BS using closed loop power control. The ratio of these two power levels is 
determined by a gain factor A which may be signalled to the MS 110 or 
detennined independently by the MS. While the power increase is applied, the 
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gain factor could be re-calculated In order to keep the power level of the uplink 
data channel constant (relative to a target level). This is desirable in order to 
avoid generation of extra interference or affecting the quality of data sent on 
data channel. 

For UMTS FDD mode the Uplink target SIR (which applies to the pilot 
field on the uplink DPCCH) can be signalled from the RNC (Radio Network 
Controller) to the BS 100 (or Node B). This mechanism could be used to 
increase DPCCH power on a long temi basis and thereby improve ACK/NACK 
reliability, at the cost of increased interference. Using the method of the 
present invention, it would be desirable to provide extra signalling to indicate to 
the Node B the size of any temporary power offset to be applied to the target 
SIR when ACK/NACK is expected to be sent by the MS 1 10. Suitable values 
for the offset might, for example, be 0, 2, 4 or 6dB. 

One possible embodiment would be to apply the current invention only 
when the MS 110 Is not In soft handover. When in soft handover (i.e. the MS 
110 is in communication with more than one BS), the existing higher layer 
signalling could be used to increase the DPCCH power on a long term basis. 

In UMTS, a mechanism for defining and quantising gain parameters and 
the resultant gain factor has already been defined. In a system made In 
accordance with the present invention, when a power offset is applied to the 
second control channel, new gain parameters need to be determined and 
quantised, the aim being to keep the power level of the uplink data channel at 
a similar level to what it would have been without the power offset applied to 
the second control channel. One way In which this can be perfomned is to 
compute the gain factor^ as 



where Is the gain parameter applying to the uplink data channel, is the 
gain parameter applying to the second uplink control channel, A = 10*"- , and 
5 is the additional power offset (in dB) to be applied to the second control 
channel. In the present UMTS specifications, the gain parameters are 
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quantised to values of between 0 and 1 with each step being 1/15. Adapting 
this implementation, one embodiment of the present invention could operate 
so that: 

• if i4 > 1 , then new values should be set so that )Sj = 1 and is the largest 
5 quantised gain factor for which fi^<llA \ and 

• if ^ < 1 , then new values should be set so that and is the 

smallest quantised gain factor for which. Pa>A. 

A similar set of modifications to the gain factor and parameters is 
required when A represents a decrease in power after the ACK/NACK 
10 message has been transmitted. 

The operation of the present invention could be controlled (e.g. 
enabled, modified or disabled) by specific signalling messages. Additionally, 
this control could be carried out implicitly according to the values of 
parameters signalled for other purposes. For example, if operation of the 
15 invention is controlled by analysis of a predetermined number (K) of power 
control commands, operation could be disabled by the BS 100 signalling the 
value of K as zero. 

The same approach as that described above could be used to improve 
the reliability of other signals transmitted on the first control channel, for 
20 example Channel Quality Information (CQI). The power offset used for other 
signals could be different from that used for ACK/NACK messages. 

The above description is aimed at a downlink data channel in UMTS 
FDD (Frequency Division Duplex) mode. The invention could also be applied 
to TDD (Time Division Duplex) mode and to an uplink data channel. 
25 The description above related to the BS 100 performing a variety of 

roles relating to the present invention. In practice these tasks may be the 
responsibility of a variety of parts of the fixed infrastructure, for example in a 
"Node B", which is the part of the fixed infrastructure directly interfacing with a 
MS 110, or at a higher level in the Radio Network Controller (RNC). In this 
30 specification, the use of the temn "base station" or "primary station" is therefore 
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to be understood to include the parts of the network fixed infrastructure 
involved in an embodiment of the present invention. 

From reading the present disclosure, other modifications will be 
apparent to persons skilled in the art. Such modifications may involve other 
features which are already known in the design, manufacture and use of 
communication systems and component parts thereof, and which may be used 
instead of or in addition to features already described herein. 



